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Table S1a: Summary of mass concentrations (µg m-3) of PM2.5 and its dominant chemical components in Beijing-Tianjin-Hebei of China 

Location Period Annual/seasonal
PM2.5 (µg m-3) 

References 
Mass OC EC SO4

2- NO3
- NH4

+ 

Urban studies 

Beijing 

1999-2000 annual 121 25.3 9.4 14.3 10.1 6.4 He et al., 2001 

2000 annual 96 21.8 3.1 18.5 11.6 7 Song et al., 2006 

2001-2002 annual 102 25.8 9.9 10.2 7.4 5.7 Duan et al., 2006 

2001-2003 annual 154   17.1 11.5 8.7 Wang et al., 2005 

2005-2006 annual 94   14.4 8.3 6.8 He et al., 2012 

2005-2006 annual 119 24.5 8.2 15.8 10.1 7.3 Yang et al., 2011b 

2008 annual 89      Chen et al., 2014c 

2008 annual 110 19.1 8.5    Yang et al., 2011a 

2009 annual 81      Chen et al., 2014c 

2009-2010 annual 123 18.2 6.3 19.1 20.5 6.4 Zhao et al., 2013 

2009-2010 annual 135 16.9 5.0 13.6 11.3 6.9 Zhang et al., 2013 

2010 annual 81      Chen et al., 2014c 

2012-2013 annual 102      Zhou et al., 2015 

Chengde 2009-2010 annual 92 19.0 7.3 13.0 5.8 4.1 Zhao et al., 2013 

Shijianzhuang 2009-2010 annual 191 26.4 9.7 35.6 30.4 9.3 Zhao et al., 2013 

Tianjin 2009-2010 annual 142 18.8 6.9 25.0 18.8 7.6 Zhao et al., 2013 

BTH Average annual 115±30       

Beijing 

1999-2000 spring 89 18.2 6.7 10.2 7.3 4.3 He et al., 2001 

2000 spring 134 23.2 3.7 24.4 22.4 12.2 Song et al., 2006 

2001 spring 119 21.5 6.5    Yang et al., 2005a 

2002 spring 76 19.6 10.1 6.7 4.7 4.1 Duan et al., 2006 

2003 spring 78 14.1 7.6    Dan et al., 2004 

2001-2003 spring 162   13.5 11.9 6.5 Wang et al., 2005 

2009-2010 spring 128 15.8 5.2 16.4 20.4 6.8 Zhao et al., 2013 

2009-2010 spring 126 13.7 2.8 14.7 15.5 7.5 Zhang et al., 2013 

2012 spring 210      Chen et al., 2014a 



Average spring 125±43       

2000 summer 99 16.4 3.1 28.5 5.5 7.4 Song et al., 2006 

2001 summer 94 17.1 8.0    Yang et al., 2005a 

2001 summer 113 13.7 4.7    Dan et al., 2004 

2001-2003 summer 93   18.4 11.2 10.1 Wang et al., 2005 

2002 summer 89 14.9 8.4 13.4 5.4 5.9 Duan et al., 2006 

2002 summer 91 10.7 5.7    Dan et al., 2004 

2003 summer 132 19.7 5.7 22.6 13.7 9.8 Cao et al., 2012b 

2003 summer 94 19.2 7.0    Chan et al., 2005 

2002-2003 summer 78 10.7 5.9 18.3 12.9 10.4 Sun et al., 2004 

2004 summer 52 10.9 4.0 8.7 3.7 3.3 Song et al., 2007 

2005 summer 68 8.2 4.9 22.5 9.7 5.4 Pathak et al., 2011 

2006 summer 102   34.8 24.5 20.7 Han et al., 2014 

2008 summer 59   13.1 3.9 8.4 Okuda et al., 2011 

2009-2010 summer 116 10.1 5.9 33.8 22.8 8.4 Zhao et al., 2013 

2009-2010 summer 138 11.1 4.2 23.5 11.8 11.0 Zhang et al., 2013 

2012 summer 103 16.8 3.6 20.6 15.8 8.3 Tian et al., 2015 

Average summer 95±24       

1999-2000 autumn 112 28.8 10.2 12.6 11.2 4.9 He et al., 2001 

2000 autumn 106 24.9 4.0 15.1 17.9 7.2 Song et al., 2006 

2001 autumn 80 23.1 10.4 9.6 8.2 5.9 Duan et al., 2006 

2001.9-11 autumn 92 21.0 10.7    Yang et al., 2005a 

2001-2003 autumn 105   12.7 9.1 6.3 Wang et al., 2005 

2009-2010 autumn 124 20.2 7.1 11.5 21.5 5 Zhao et al., 2013 

2009-2010 autumn 135 17.8 5.3 7.9 10.7 4.7 Zhang et al., 2013 

2013 autumn 117   7.3 14.4 8.3 Yang et al., 2016 

2014 autumn 90   4.9 9.9 4.2 Yang et al., 2016 

Average autumn 107±17       

1999-2000 winter 176 31.5 11.1 24.9 15.4 7.8 He et al., 2001 

2000 winter 61 23.4 2.0 8.5 5.0 3.4 Song et al., 2006 



2001 winter 122 32.2 11.3 9.9 10.7 7.1 Duan et al., 2006 

2001 winter 471 56.9 34.3    Dan et al., 2004 

2001 winter 184 40.1 9.9    Yang et al., 2005a 

2002 winter 169 36.7 15.2    Dan et al., 2004 

2001-2003 winter 214   21.0 12.3 10.6 Wang et al., 2005 

2002-2003 winter 153 35.7 14.2 27.8 16.6 15.5 Sun et al., 2004 

2003 winter 116 23.9 6.2 20.0 13.1 9.4 Cao et al., 2012b 

2004 winter 107 33.6 8.3 12.7 8.3 6.0 Song et al., 2007 

2006 winter 142   20.9 17.3 12.8 Tan et al., 2016 

2009-2010 winter 127 26.8 7.1 14.2 17.1 5.2 Zhao et al., 2013 

2009-2010 winter 139 24.9 7.5 8.5 7.3 4.5 Zhang et al., 2013 

2013 winter 159 35.8* 5.5 25.4 19.0 15.6 Tao et al., 2015a 

2013 winter 143 25.7 6.9 23.9 20.2 16.5 Huang et al., 2014b 

2014 winter 138 29.0 5.2 21.0 26.0 14.1 Lin et al., 2016 

Average winter 164±89       

Tianjin 

2008 spring 108 14.4 5.0    Gu et al., 2010 

2009-2010 spring 136 13.6 5.5 20.6 18.8 7.1 Zhao et al., 2013 

Average spring 122±20       

2003.7 summer 102 16.4 3.9 22.1 8.7 7.7 Cao et al., 2012b 

2008 summer 87 10.2 5.5    Gu et al., 2010 

2009-2010 summer 161 12.7 5.9 42.7 21.1 10.6 Zhao et al., 2013 

Average summer 117±39       

2008 autumn 111 20.2 6.5    Gu et al., 2010 

2009-2010 autumn 152 23.1 8.8 15.8 20.1 6.4 Zhao et al., 2013 

Average autumn 132±29       

2003 winter 203 43.0 8.9 32.5 25.5 22.2 Cao et al., 2012b 

2006-2007 winter 223 46.0 8.0 39.7 15.9 11.2 Li et al., 2009 

2008 winter 134 22.9 5.6    Gu et al., 2010 

2008 winter 145 33.8 9.1 24.1 16.6 8.7 Gu et al., 2011 

2009-2010 winter 117 24.8 7.0 21.3 15.5 6.6 Zhao et al., 2013 



Average winter 164±47       

Shijiazhuang 

2009-2010 spring 175 19.6 7.8 28.9 26.5 8.7 

Zhao et al., 2013 

2009-2010 summer 146 9.1 7.6 42.5 24.9 9.3 

2009-2010 autumn 219 31.5 11.4 38 46.0 8.9 

2009-2010 winter 227 46.5 12.1 33 25.3 10.5 

Chengde 

2009-2010 spring 105 14.0 4.7 13.3 11.0 4.5 

2009-2010 summer 68 10.5 4.5 19.6 4.6 4.7 

2009-2010 autumn 74 19.0 7.2 9.2 2.6 3.4 

2009-2010 winter 123 33.6 13.1 9.4 5.2 3.6 

Rural studies 

Shangdianzi 

2009-2010 annual 72.0 10.8 3.9 13.8 12.2 4.5 

Zhao et al., 2013 

2009-2010 spring 87 9.7 3.8 15.7 16.5 5.7 

2009-2010 summer 71 5.7 3.3 24.2 12.4 6.3 

2009-2010 autumn 73 10.7 3.9 8.7 11.2 3.2 

2009-2010 winter 56 16.8 4.4 6.6 8.8 2.8 

*estimated by OM with a factor of 1.8 

 

 

 

 



Table S1b: Summary of mass concentrations (µg m-3) of PM2.5 and its dominant chemical components in Yangtze River Delta of China 

Location Period Annual/seasonal
PM2.5 (µg m-3) 

References 
Mass OC EC SO4

2- NO3
- NH4

+ 

Urban studies 

Nanjing 
2011-2014 annual 118 13.8 5.3    Li et al., 2015 

2013 annual 142 22.9 8 27.9 15.6 6.2 Li et al., 2016 

Shanghai 

1999-2000 annual 65 14.9 6.5 14.0 6.0 5.9 Ye et al., 2003 

2003-2005 annual 95   10.4 6.2 3.8 Wang et al., 2006 

2005-2006 annual 93 16.1 2.9    Feng et al., 2009 

2009 annual 94 14.0 4.1 11.7 7.7 4.1 Zhao et al., 2015b 

2012 annual 68 10.7 2.0 12.9 12.6 5.6 Zhao et al., 2015b 

2011-2013 annual 47 9.5 2.1 10.2 9.2 6.0 Wang et al., 2016a 

Hangzhou 2004-2005 annual 108   17.0 8.3 9.3 Liu et al., 2015 

YRD Average annual 92±29       

Nanjing 

2011 spring 91 7.1 3.1 13.6 6.6 5.7 Shen et al., 2014 

2011-2014 spring 85 8.5 3.8    Li et al., 2015 

2013 spring 117 21.4 7.5 24.5 9.5 6.3 Li et al., 2016 

Average spring 97±17       

2011-2014 summer 77 7.6 3.1    Li et al., 2015 

2011 summer 70 6.7 2.6 14.6 6.3 7.9 Shen et al., 2014 

2013 summer 83 17.4 6.2 18.1 5.7 4.9 Li et al., 2016 

Average summer 77±7       

2001 autumn 47 10.8 4.0 11.5 3.2 3.6 Yang et al., 2005b 

2011-2014 autumn 96 15.7 5.9    Li et al., 2015 

2013 autumn 83 32.6 11.4 15.0 6.5 3.7 Li et al., 2016 

Average autumn 75±25       

2001 winter 74 14.9 3.1 19.2 10.5 10.4 Yang et al., 2005b 

2011-2014 winter 201 22.5 8.2    Li et al., 2015 

2013 winter 247 35.3 11.4 46.9 33.8 8.8 Li et al., 2016 

Average winter 174±89       



Shanghai 

1999-2000 spring 62 16.1 5.3 12.6 5.4 5.5 Ye et al., 2003 

2003-2005 spring 135   11.7 9.1 4.1 Wang et al., 2006 

2005-2006 spring 113 15.3 3.2    Feng et al., 2009 

2006-2007 spring 47 8.4 3.7    Hou et al., 2011 

2011-2012 spring 70 9.5 1.7 15.3 8.6 6.4 Zhao et al., 2015a 

2011-2013 spring 49 9.9 2.3 11.0 11.0 6.9 Wang et al., 2016a 

2012 spring 64 8.1 2.7 12 10.8 4.3 Huang et al., 2014a 

Average spring 77±34       

1999-2000 summer 36 11.3 5.2 9.7 3.8 3.4 Ye et al., 2003 

2003 summer 54 13.4 5.4 12 2.6 3.5 Cao et al., 2012b 

2003-2005 summer 72   5.4 2.6 2.4 Wang et al., 2006 

2005 summer/spring 67 16.9 10.0 15.6 7.2 4.2 Pathak et al., 2011 

2005-2006 summer 59 9.3 2.3    Feng et al., 2009 

2006-2007 summer 15 3.8 1.1    Hou et al., 2011 

2009 summer 40 6.8 1.8    Cao et al., 2013 

2011-2012 summer 51 6.2 1.4 9.7 5.6 3.6 Zhao et al., 2015a 

2011-2013 summer 31 7.9 2.0 8.1 5.2 4.2 Wang et al., 2016a 

Average summer 47±18       

1999-2000 autumn 66 16.3 6.9 13.9 5.1 6.5 Ye et al., 2003 

2003-2005 autumn 96   8.7 3.7 3.6 Wang et al., 2006 

2005-2006 autumn 110 23.8 3.9    Feng et al., 2009 

2006-2007 autumn 36 6.5 2.1    Hou et al., 2011 

2011-2012 autumn 82 12.8 2.4 17.9 20.2 7.8 Zhao et al., 2015a 

2011-2013 autumn 41 8.7 1.9 8.8 7.4 4.8 Wang et al., 2016a 

Average autumn 72±30       

1999-2000 winter 91 17.0 8.1 18.5 9.9 7.8 Ye et al., 2003 

2003 winter 139 26.7 8.6 21.6 17.5 14.5 Cao et al., 2012b 

2003-2005 winter 83   10.4 6.2 4.4 Wang et al., 2006 

2005-2006 winter 91 16.4 2.3    Feng et al., 2009 

2006-2007 winter 65 10.9 4.4    Hou et al., 2011 



2009 winter 91      Feng et al., 2012 

2011-2012 winter 70 14.1 2.4 11.6 13.2 5.6 Zhao et al., 2015a 

2011-2013 winter 65 11.2 2.3 13.0 13.2 8.3 Wang et al., 2016a 

2013 winter 91 27.3* 2.2 10.8 12.4 7.5 Huang et al., 2014b 

Average winter 87±23       

Hangzhou 

2004-2005 spring 116   18.2 8.5 10.1 Liu et al., 2015 

2004-2005 summer 73   14.6 4.6 6.3 Liu et al., 2015 

2003 summer 80 15.2 3.5 16.5 5.5 5.3 Cao et al., 2012b 

2004-2005 autumn 114   19.1 9.3 9.9 Liu et al., 2015 

2003 winter 177 30.5 9.1 33.4 25.7 19.1 Cao et al., 2012b 

2004-2005 winter 136   15.8 10.8 11.2 Liu et al., 2015 

Rural studies 

Lin’an 

2008-2009 annual 60 10.3 1.5    

Feng et al., 2015 

2008-2009 spring 87 13.4 2.2    

2008-2009 summer 36 5.7 0.8    

2008-2009 autumn 53 9.7 1.3    

2008-2009 winter 63 12.2 1.8    

Ningbo 

2009-2010 annual 46 7.1 2.5    

Liu et al., 2013a 

2009-2010 spring 56 8.6 3.1    

2009-2010 summer 17 2.7 0.8    

2009-2010 autumn 37 5.8 1.9    

2009-2010 winter 73 11.0 4.1    

          

*estimated by OM with a factor of 1.6 

 

 

 

 

 

 

 



Table S1c: Summary of mass concentrations (µg m-3) of PM2.5 and its dominant chemical components in Pearl River Delta of China 

Location Period Annual/seasonal
PM2.5 (µg m-3) 

References 
Mass OC EC SO4

2- NO3
- NH4

+ 

Urban studies 

Guangzhou 

2002-2003 annual 71 17.6 4.4 14.7 4.0 4.5 Hagler et al., 2006 

2009-2010 annual 77 9.0 6.0 18.1 7.8 5.1 Tao et al., 2014c 

2014 annual 48 8.2 4.0 9.3 2.2 3.8 Tao et al., 2017 

Shenzhen 
2002-2003 annual 47 11.1 3.9 10.0 2.3 3.2 Hagler et al., 2006 

2009 annual 42 8.3 4.7 11.7 2.7 3.5 Huang et al., 2013 

Hong kong 
2000-2001 annual 34 8.7 5.4 9.1 1.3 2.9 Louie et al., 2005b 

2002-2003 annual 34 6.6 1.9 9.3 1.0 2.5 Hagler et al., 2006 

Zhongshan 2002-2003 annual 47 10.5 2.5 11.9 1.8 3.3 Hagler et al., 2006 

PRD Average annual 50±16       

Guangzhou 

2007 spring 79 14.8 8.1 21.6 9.5 7.3 Tao et al., 2009 

2009 spring 76 8.3 6.1 17.8 9.9 6.0 Tao et al., 2014c 

2014 spring 44 7.5 4.2 8.2 2.4 3.6 Tao et al., 2017 

Average spring 66±19       

2002 summer 66 13.1 4.6 15.7 2.9 0.6 
Cao et al., 2004;Lai et 

al., 2007 

2003 summer 40 9.9 1.3 6.4 1.2 1.2 Cao et al., 2012b 

2004 summer 75      Huang et al., 2007 

2004 summer 105 17.5 5.4    Duan et al., 2007 

2006 summer 61 9.9 4.9 16.3 2.7  Jung et al., 2009 

2009 summer 39 5.6 3.5 9.2 2.0 1.6 Tao et al., 2014c 

2013 summer 51 11.0 2.6 8.9 4.9 4.0 Cui et al., 2015 

2014 summer 37 6.1 3.5 7.6 0.3 2.6 Tao et al., 2017 

Average summer 59±23       

2004 autumn 103 22.4 7.1 27.8 4.3 12.1 Andreae et al., 2008 

2009 autumn 89 10.4 6.7 27.5 6.4 6.4 Tao et al., 2014c 

2010 autumn 87 14.0 6.8 18.5 5.2 4.7 Tao et al., 2015b 



2011 autumn/winter 72      Jahn et al., 2013 

2013 autumn/winter 68 15.7 2.8 9.8 7.3 4.5 Cui et al., 2015 

2014 autumn 48 7.9 3.6 11.4 1.0 4.4 Tao et al., 2017 

Average autumn 78±19       

2002 winter 91 17.8 6.0 15.0 10.2 3.9 
Cao et al., 2004;Lai et 

al., 2007 

2003 winter 110 24.2 8.4 20.6 11.5 8.5 Cao et al., 2012b 

2004-2005 winter 124      Huang et al., 2007 

2005 winter 124 23.9 4.2    Duan et al., 2007 

2007-2008 winter 203 32.9 7.1 27.3 24.4 14.1 Tan et al., 2009 

2008-2009 winter 82 17.5 4.1 5.6 12.0 4.7 Yang et al., 2011b 

2010 winter 103 11.8 7.8 17.8 13.0 6.5 Tao et al., 2014c 

2012-2013 winter 75 10.8 2.1 10.6 5.8 5.1 Liu et al., 2014 

2013 winter 69 14.3* 3.5 12.7 8.9 6.9 Huang et al., 2014b 

2014 winter 63 11.6 5.0 9.8 5.5 4.8 Tao et al., 2017 

Average winter 104±41       

Hong Kong 

2000-2001 spring 29 6.4 5.3 9.1 1.2 2.7 Louie et al., 2005a 

2001 summer 29 5.6 4.3 4.6 0.4 0.8 Ho et al., 2006 

2000-2001 summer 26 6.3 6.0 7.6 0.6 2.2 Louie et al., 2005a 

2002 summer 31 5.6 3.2 5.7 1.5 0.1 
Cao et al., 2004;Lai et 

al., 2007 

2003 summer 30 6.6 1.9 4.3 1.2 0.3 Cao et al., 2012b 

2004 summer 46 9.6 3.4    Duan et al., 2007 

2000-2001 autumn 34 7.4 4.7 11.6 0.6 3.6 Louie et al., 2005a 

2000-2001 winter 60 10.2 5.1 15.4 2.5 2.7 Ho et al., 2006 

2000-2001 winter 45 12.6 5.0 9.9 2.3 3.6 Louie et al., 2005a 

2002 winter 49 8.4 4.4 8.1 4.2 1.5 
Cao et al., 2004;Lai et 

al., 2007 

2003 winter 88 13.3 6.9 21.4 9.5 8.0 Cao et al., 2012b 

Rural studies 



Conghua 2002-2003 annual 37 9.1 1.4 10.4 0.3 2.4 Hagler et al., 2006 

Tianhu 2012-2013 annual 44 6.1 0.8 12.2 2.0 5.2 Lai et al., 2016 

Hok Tsui 2000-2001 annual 24 4.2 1.7 8.7 0.7 2.2 Louie et al., 2005b 

Tianhu 
2012-2013 spring 31 4.5 0.7 9.1 1.8 3.4 

Lai et al., 2016 
2012-2013 summer 37 4.9 0.6 9.5 1.6 3.7 

Wanqingsha 

2007 autumn 113 19.3 3.6 22.7 6.7 6.5 

Fu et al., 2014 

2008 autumn/winter 104 22.7 4.2 15.7 8.8 5.4 

2009 autumn/winter  95 17.2 5.5 17.0 11.5 7.1 

2010 autumn/winter  89 18.3 3.3 17.2 10.9 7.5 

2011 autumn/winter  79 15.2 3.1 14.2 9.6 6.6 

2010 autumn/winter  71 14.9 2.6 13.5 8.5 6.0 Wang et al., 2012 

Tianhu 2012-2013 autumn 67 7.6 0.9 17.8 1.4 7.6 Lai et al., 2016 

 Average autumn 88±17       

Tianhu 2012-2013 winter 41 7.5 1.0 12.6 2.9 5.8 Lai et al., 2016 

*estimated by OM with a factor of 1.6 



Table S1d: Summary of mass concentrations (µg m-3) of PM2.5 and its dominant chemical components in other regions of China 

Location Period Annual/seasonal
PM2.5 (µg m-3) 

References 
Mass OC EC SO4

2- NO3
- NH4

+ 

Urban studies 

Chongqing 

2005-2006 annual 129 30.1 6.4 25.6 5.5 7.9 Yang et al., 2011b 

2012-2013 annual 76 15.2 4    Chen et al., 2014d 

2014-2015 annual 71      Wang et al., 2017 

Chengdu 

2009-2010 annual 165 22.6 9 32.8 19.7 10.4 Tao et al., 2013 

2011 annual 119 17 7 25 10.7 11.6 Tao et al., 2014a 

2012-2013 annual 94 19 4.6    Chen et al., 2014d 

2014-2015 annual 67      Wang et al., 2017 

Neijiang 2012-2013 annual 80 18.3 4.1    Chen et al., 2014d 

Sichuan basin Average annual 111±34       

Zhengzhou 

2011 annual 194      

Wang et al., 2015a 2012 annual 183      

2013 annual 215      

2010 annual 175 20.1 3.9 25.7 16.7 15.6 Geng et al., 2013 

Zhengzhou Average annual 192±17       

Xi’an 

2006-2007 annual 169   35.8 19.3 10.6 Shen et al., 2009 

2006-2007 annual 194   34.3 15.6 10.7 Zhang et al., 2011b 

2010 annual 167 21.8 8 25.8 19.8 9.1 Wang et al., 2015b 

Xi’an Average annual 177±15       

Lanzhou 2014 annual 89 17.7 9.0 5.6 5.2 2.9 Wang et al., 2016b 

Jinan 2006-2007 annual 149 22.2 4.1 30.9 10.6 14.0 Yang et al., 2012 

Wuhan 2012-2013 annual 107      Zhang et al., 2015a 

Fuzhou 2007-2008 annual 44 8.5 2.2 10.8 4.4 3.9 Xu et al., 2012b 

Xiamen 2009-2010 
annual 70 18.3 3.2    Zhang et al., 2011a 

annual 86   11.2 6.0 4.5 Zhang et al., 2012 

Zhengzhou 
2010 spring 181 15.4 3.0 20.5 16.8 11.6 

Geng et al., 2013 
2010 summer 122 10 1.8 32 11.1 15.7 



2010 autumn 186 18.7 5.4 35.2 23.3 15.4 

2010 winter 211 27.1 4.7 22.3 17.3 17.4 

2011 spring 209      

Wang et al., 2015a 

2012 spring 205      

2013 spring 205      

2011 summer 118      

2012 summer 84      

2013 summer 149      

2011 autumn 266      

2012 autumn 186      

2013 autumn 168      

2011 winter 283      

2012 winter 257      

2013 winter 338      

Jinan 

2006-2007 spring 143 15.8 3.3 21.9 9.1 9.7 

Yang et al., 2012 
2006-2007  summer 129 15.0 3.1 37.4 6.7 14.7 

2006-2007  autumn 135 24.0 4.5 27.8 9.2 12.6 

2006-2007  winter 205 35.8 5.7 37.7 20.1 20.5 

Lanzhou 2014 

spring 83 13.4 6.7 4.0 1.7 0.8 

Wang et al.,2016 
summer 38 5.9 4.4 4.8 5.8 7.6 

autumn 93 21.1 11.5 2.0 7.1 10.1 

winter 141 30.3 13.4 1.3 3.6 6.0 

Chengdu 

2009-2010  spring 133 20.7 5.7 15.5 9.7 4.7 

Tao et al., 2013 
2009-2010  summer 114 14.9 7.1 27.8 12.1 4.7 

2009-2010  autumn 188 23.3 11.6 36.5 25.5 13.8 

2009-2010  winter 226 31.5 11.6 50.6 31.2 18.2 

2011 spring 126 15.0 7.0 26.4 10.2 11.9 

Tao et al., 2014a 
2011 summer 89 11.0 6.0 23.7 5.3 9.0 

2011 autumn 111 20.0 7.0 19.2 12.9 11.1 

2011 winter 158 22.0 8.0 31.8 15.5 15.3 



Wuhan 

2012-2013 spring 133      

Zhang et al., 2015a 
2012-2013  summer 49      

2012-2013  autumn 102      

2012-2013  winter 143      

Fuzhou 

2007-2008 spring 50 10.5 2.1 10.1 4.6 2.5 

Xu et al., 2012b 
2007-2008  summer 24 5.3 2.0 6.6 1.1 1.3 

2007-2008  autumn 44 7.7 2.2 11.6 3.1 3.9 

2007-2008  winter 60 10.5 2.5 14.8 8.8 7.9 

Xiamen 

2009-2010 spring 64 12.5 2.0    

Zhang et al., 2011a 
2009-2010  summer 37 10.3 2.3    

2009-2010  autumn 76 20.8 3.4    

2009-2010  winter 106 29.5 4.9    

2009-2010  spring 90 13.6 2.3 11.2 6.4 3.9 

Zhang et al., 2012 
2009-2010  summer 62 9.7 2.2 7.1 3.1 2.7 

2009-2010  autumn 84 14.0 3.0 10.3 4.8 3.9 

2009-2010  winter 109 23.6 4.2 17.8 10.8 7.7 

Rural studies 

Jinsha 

2012-2013 annual 49 7.3 0.7 13.2 5.0 5.6 

Zhang et al., 2014 

2012-2013  spring 45 6.5 0.7 12.4 3.0 4.9 

2012-2013  summer 34 3.8 0.4 9.9 1.5 4.1 

2012-2013  autumn 42 7.1 0.6 11.7 4.7 5.0 

2012-2013  winter 66 10.8 0.9 16.7 9.6 7.5 



Table S2-a: Summary of aerosol scattering and absorption coefficient in Beijing-Tianjin-Hebei of China 

Location Period Annual/seasonal bsp (Mm-1) bap (Mm-1) BC (µg m-3) References 

Urban studies 

Beijing 

2005 annual 264 58  
He et al., 2009 

2006 annual 310 53  

2008-2009 annual 301   Zhao et al., 2011 

2009-2010 annual 360 64  Jing et al., 2015 

Average annual 309±40 58±6   

2005-2006 spring 243 45  He et al., 2009 

2008-2009 spring 292   Zhao et al., 2011 

2009-2010 spring 289 35  Jing et al., 2015 

Average spring 275±27 40±7   

1999 summer 488 83  Bergin et al., 2001 

2005-2006 summer 351 54  He et al., 2009 

2006 summer 361 52  Garland et al., 2009 

2006 summer 364 58  Han et al., 2014 

2006 summer 300 55  Liu et al., 2009 

2008 summer 424 46  Li et al., 2013b 

2009-2010 summer 344 58  Jing et al., 2015 

2012 summer 313 29  Tian et al., 2015 

Average summer 368±61 54±15   

2005-2006 autumn 311 67  He et al., 2009 

2008-2009 autumn 286   Zhao et al., 2011 

2009-2010 autumn 452 92  Jing et al., 2015 

Average autumn 350±90 80±18   

2005-2006 winter 259 58  He et al., 2009 

2008-2009 winter 325   Zhao et al., 2011 

2009-2010 winter 356 70  Jing et al., 2015 

2013 winter 723   Tao et al., 2015a 

2013 winter  46 5.5 Wu et al., 2016 



Average winter 468±221 70±17   

Rural studies 

Shangdianzi 

2003-2005 annual 175 18  Yan et al., 2008 

2008-2009 annual 182   Zhao et al., 2011 

2003-2005 spring 154 18  

Yan et al., 2008 
2003-2005 summer 190 21  

2003-2005 autumn 215 17  

2003-2005 winter 116 9  

2008-2009 spring 201   

Zhao et al., 2011 
2008-2009 summer 206   

2008-2009 autumn 112   

2008-2009 winter 176   

Wuqing 

2009 spring 280 47  
Ma et al., 2011 

2009 summer 379 43  

2010 winter 485   Chen et al., 2014b 

 

 

 

 

 

 

  



Table S2-b: Summary of aerosol scattering and absorption coefficient in Yangtze River Delta of China 

Location Period Annual/seasonal bsp (Mm-1) bap (Mm-1) BC (µg m-3) References 

Urban studies 

Shanghai 

2011-2012 annual  19 2.3 Zha et al., 2014 

2010 annual  31 3.8 
Feng et al., 2014 

2011 annual  27 3.3 

2010-2012 annual 217 38  Cheng et al., 2015 

2010 spring 102 44  Li et al., 2013a 

2010 spring  25 3.0 
Feng et al., 2014 

2011 spring  30 3.6 

2011-2012 spring  19 2.3 Zha et al., 2014 

2012 spring 91 35  Huang et al., 2014a 

2010 summer  33 4.0 
Feng et al., 2014 

2011 summer  25 3.0 

2011-2012 summer  20 2.4 Zha et al., 2014 

2010 autumn  35 4.2 
Feng et al., 2014 

2011 autumn  25 3.0 

2011-2012 autumn  14 1.7 Zha et al., 2014 

2010 winter  35 4.2 Feng et al., 2014 

2010-2011 winter 293 66  Xu et al., 2012a 

2011 winter  31 3.7 Feng et al., 2014 

2011-2012 winter  22 2.7 Zha et al., 2014 

2012 winter 289 28  Han et al., 2015 

Nanjing 2009 autumn 697   Kang et al., 2013 

Rural studies 

Lin’an 
2013 spring 223   Zhang et al., 2015b 

1999 autumn 353 23  Xu et al., 2002 

 

 



Table S2-c: Summary of aerosol scattering and absorption coefficient in Perl River Delta of China 

Location Period Annual/seasonal bsp (Mm-1) bap (Mm-1) BC (µg m-3) References 

Urban studies 

Guangzhou 

2009-2010 annual 326   Tao et al., 2014c 

2004 annual  90 10.9 

Wu et al., 2009 
2005 annual  74 8.9 

2006 annual  64 7.7 

2007 annual  51 6.2 

2009 spring 243   
Tao et al., 2014c 

2009 summer 95   

2006 summer 212 47  Jung et al., 2009 

2006 summer  39 4.7 Verma et al., 2010 

2008 summer  84  
Wu et al., 2013 

2008 summer  53  

2009 autumn 473   Tao et al., 2014c 

2004 autumn 418 91  Andreae et al., 2008 

2010 winter 469   Tao et al., 2014c 

2008-2009 winter  189  
Wu et al., 2013 

2008-2009 winter  73  

Hong Kong 

1998 spring 39 16  

Man and Shih, 2001 1998 summer 8 5  

1998 autumn 71 19  

2010 autumn/winter 202 40  Gao et al., 2015 

1997-1998 winter 65 26  
Man and Shih, 2001 

1998-1999 winter 97 31  

Dongguan 
2008 summer  47  

Wu et al., 2013 
2008-2009 winter  96  

Shenzhen 2011 summer  25 4.0 Lan et al., 2013 

Rural studies 

Maofeng moutain 2008 summer  26  Wu et al., 2013 



2008-2009 winter  29  

Xinken 

2004 autumn 333 70  Cheng et al., 2008a 

2004 autumn 301 61  Cheng et al., 2006b 

2008-2009 winter  119  Wu et al., 2013 

Backgarden 2006.7 summer 200 43  Garland et al., 2008 

Hok Tsui 2000.6-2005.5 annual  20 2.4 Cheng et al., 2006a 

 

 



Table S2-d: Summary of aerosol scattering and absorption coefficient in other regions of China 

Location Period Annual/seasonal bsp (Mm-1) bap (Mm-1) BC (µg m-3) References 

Urban studies 

Shouxian 2008 annual 401 29  Fan et al., 2010 

Chengdu 2011 

annual 456 96  

Tao et al., 2014b 

spring 431 120  

summer 318 79  

autumn 488 98  

winter 619 89  

Chengdu 2014-2015 

annual 421 37  

Wang et al.,2017 

spring 254 28  

summer 236 18  

autumn 447 41  

winter 725 60  

Chongqing 2014-2015 

annual  45  

spring  28  

summer    

autumn  48  

winter  67  

Xi’an 

2012 summer/autumn 272 31  Zhu et al., 2015 

2009 

annual 525 83  

Cao et al., 2012a 

spring 434 73  

summer 455 58  

autumn 606 107  

winter 657 104  

Remote studies 

Dunhuang,Gansu 
2004 spring 126   

Yan, 2007 
2004 winter 303   

Dongsheng, Inner 

Mongolia 

2004 spring 183   

2004 winter 304   



Yulin,Shanxi 2001 spring 158 6  Xu et al., 2004 

Zhangye,Gansu 2008 spring 159 10  Li et al., 2010 

 

 



Table S3: Summary of aerosol hygroscopic parameters in China 

Location Period Methods Empirical formula a b  References 

Urban studies 

Beijing 

autumn,2007 

Method1 

1+a×(RH/100)b 

8.80 9.70  Liu et al., 2013b 

autumn,2011 4.34 6.72  Liu et al., 2013c 

autumn,2014 3.79 6.10  Yang et al., 2015 

Guangzhou 

summer,2006 Method1 

2.06 3.60 Urban aerosol 

Liu et al., 2008 3.26 3.85 Mixed aerosol 

2.68 4.92 Marine aerosol 

summer/autumn,2010 Method3 ((1-RH/100)/0.9)-a(RH/100) 
0.54  Internal mixed 

Lin et al., 2014 
0.51  External mixed 

Rural studies 

Baodi,Tianjin spring,2006 Method2 1+a×(RH/100)b 

0.64 5.17 Dust 

Pan et al., 2009 1.20 6.07 Clean 

2.30 6.27 Polluted 

Wuqing,Tianjin winter,2010 Method2 a×(1-RH/100) -b(RH/100) 1.02 0.21  Chen et al., 2014b 

Lin’an, Zhejiang spring,2013 Method2 1+a×(RH/100)b 

1.24 5.46 Locally polluted 

Zhang et al., 2015b 1.20 3.90 Northly polluted 

1.02 4.51 Dust influnced 

Wanqingsha,Guangzhou autumn,2004 Method3 ((1-RH/100)/0.9)-a(RH/100-0.1) 0.72   Cheng et al., 2008b 

Method1: measures simultaneously dry and wet bsp usingnephelometer and visibility meter, respectively; 

Method2: measures wet bsp by integrating nephelometer equipped with a humidifier; 

Method3: estimates dry and wet bsp based on Mie theory with size-resolvedchemical components. 



References: 
 
Andreae, M. O., Schmid, O., Yang, H., Chand, D., Zhen Yu, J., Zeng, L. M., and Zhang, Y. H.: Optical properties and 

chemical composition of the atmospheric aerosol in urban Guangzhou, China, Atmospheric Environment, 42, 

6335-6350, 2008. 

Bergin, M. H., Cass, G. R., Xu, J., Fang, C., Zeng, L., Yu, T., Salmon, L. G., Kiang, C. S., Tang, X. Y., and Zhang, Y.: 

Aerosol radiative, physical, and chemical properties in Beijing during June 1999, Journal of Geophysical 

Research, 106, 17969-17980, 2001. 

Cao, J., Wang, Q., Chow, J. C., Watson, J. G., Tie, X., Shen, Z., Wang, P., and An, Z.: Impacts of aerosol compositions 

on visibility impairment in Xi'an, China, Atmospheric Environment, 59, 559-566, 2012a. 

Cao, J., Lee, S., Ho, K., Zou, S., Fung, K., Li, Y., Watson, J. G., and Chow, J. C.: Spatial and seasonal variations of 

atmospheric organic carbon and elemental carbon in Pearl River Delta Region, China, Atmospheric Environment, 

38, 4447-4456, 2004. 

Cao, J., Shen, Z., Chow, J. C., Watson, J. G., Lee, S., Tie, X., Ho, K., Wang, G., and Han, Y.: Winter and Summer PM2.5 

Chemical Compositions in Fourteen Chinese Cities, Journal of The Air & Waste Management Association, 62, 

1214-1226, 2012b. 

Cao, J. J., Zhu, C. S., Tie, X., Geng, F., Xu, H., Ho, S., Wang, G. H., Han, Y. M., and Ho, K. F.: Characteristics and 

sources of carbonaceous aerosols from Shanghai, China, Atmospheric Chemistry and Physics, 13, 803-817, 

2013. 

Chan, C. Y., Xu, X., Li, Y. S., Wong, K. H., Ding, G. A., Chan, L. Y., and Cheng, X.: Characteristics of vertical profiles 

and sources of PM2.5, PM10 and carbonaceous species in Beijing, Atmospheric Environment, 39, 5113-5124, 

2005. 

Chen, J., Qiu, S., Shang, J., Wilfrid, O. M. F., Liu, X., Tian, H., and Boman, J.: Impact of Relative Humidity and Water 

Soluble Constituents of PM2.5 on Visibility Impairment in Beijing, China, Aerosol and Air Quality Research, 14, 

260-268, 2014a. 

Chen, J., Zhao, C. S., Ma, N., and Yan, P.: Aerosol hygroscopicity parameter derived from the light scattering 

enhancement factor measurements in the North China Plain, Atmospheric Chemistry and Physics, 14, 8105-8118, 

10.5194/acp-14-8105-2014, 2014b. 

Chen, Y., Schleicher, N., Chen, Y., Chai, F., and Norra, S.: The influence of governmental mitigation measures on 

contamination characteristics of PM2.5 in Beijing, Science of The Total Environment, 490, 647-658, 

http://dx.doi.org/10.1016/j.scitotenv.2014.05.049, 2014c. 

Chen, Y., Xie, S., Luo, B., and Zhai, C.: Characteristics and origins of carbonaceous aerosol in the Sichuan Basin, China, 

Atmospheric Environment, 94, 215-223, http://dx.doi.org/10.1016/j.atmosenv.2014.05.037, 2014d. 

Cheng, T., Xu, C., Duan, J., Wang, Y., Leng, C., Tao, J., Che, H., He, Q., Wu, Y., Zhang, R., Li, X., Chen, J., Kong, L., 

and Yu, X.: Seasonal variation and difference of aerosol optical properties in columnar and surface atmospheres 

over Shanghai, Atmospheric Environment, 123, Part B, 315-326, 

http://dx.doi.org/10.1016/j.atmosenv.2015.05.029, 2015. 

Cheng, Y., Lee, S. C., Ho, K. F., Wang, Y. Q., Cao, J. J., Chow, J. C., and Watson, J. G.: Black carbon measurement in a 

coastal area of South China, Journal of Geophysical Research, 111, 1-11, 2006a. 

Cheng, Y., Wiedensohler, A., Eichler, H., Su, H., Gnauk, T., Brüggemann, E., Herrmann, H., Heintzenberg, J., Slanina, 

J., and Tuch, T.: Aerosol optical properties and related chemical apportionment at Xinken in Pearl River Delta of 

China, Atmospheric Environment, 42, 6351-6372, 2008a. 

Cheng, Y. F., Eichler, H., Wiedensohler, A., Heintzenberg, J., Zhang, Y. H., Hu, M., Herrmann, H., Zeng, L. M., Liu, S., 

and Gnauk, T.: Mixing state of elemental carbon and non‐light‐absorbing aerosol components derived from in 

situ particle optical properties at Xinken in Pearl River Delta of China, Journal of Geophysical Research, 111, 

2006b. 



Cheng, Y. F., Wiedensohler, A., Eichler, H., Heintzenberg, J., Tesche, M., Ansmann, A., Wendisch, M., Su, H., 

Althausen, D., and Herrmann, H.: Relative humidity dependence of aerosol optical properties and direct radiative 

forcing in the surface boundary layer at Xinken in Pearl River Delta of China: An observation based numerical 

study, Atmospheric Environment, 42, 6373-6397, 2008b. 

Cui, H., Chen, W., Dai, W., Liu, H., Wang, X., and He, K.: Source apportionment of PM2.5 in Guangzhou combining 

observation data analysis and chemical transport model simulation, Atmospheric Environment, 116, 262-271, 

http://dx.doi.org/10.1016/j.atmosenv.2015.06.054, 2015. 

Dan, M., Zhuang, G., Li, X., Tao, H., and Zhuang, Y.: The characteristics of carbonaceous species and their sources in 

PM2.5 in Beijing, Atmospheric Environment, 38, 3443-3452, 2004. 

Duan, F., He, K., Ma, Y., Yang, F., Yu, X., Cadle, S., Chan, T., and Mulawa, P.: Concentration and chemical 

characteristics of PM2.5 in Beijing, China: 2001–2002, Science of the Total Environment, 355, 264-275, 2006. 

Duan, J., Tan, J., Cheng, D., Bi, X., Deng, W., Sheng, G., Fu, J., and Wong, M. H.: Sources and characteristics of 

carbonaceous aerosol in two largest cities in Pearl River Delta Region, China, Atmospheric Environment, 41, 

2895-2903, 2007. 

Fan, X., Chen, H., Xia, X., Li, Z., and Cribb, M.: Aerosol optical properties from the Atmospheric Radiation 

Measurement Mobile Facility at Shouxian, China, Journal of Geophysical Research, 115, 2010. 

Feng, J., Sun, P., Hu, X., Zhao, W., Wu, M., and Fu, J.: The chemical composition and sources of PM2.5 during the 2009 

Chinese New Year's holiday in Shanghai, Atmospheric Research, 118, 435-444, 

http://dx.doi.org/10.1016/j.atmosres.2012.08.012, 2012. 

Feng, J., Zhong, M., Xu, B., Du, Y., Wu, M., Wang, H., and Chen, C.: Concentrations, seasonal and diurnal variations of 

black carbon in PM2.5 in Shanghai, China, Atmospheric Research, 147, 1-9, 2014. 

Feng, J., Hu, J., Xu, B., Hu, X., Sun, P., Han, W., Gu, Z., Yu, X., and Wu, M.: Characteristics and seasonal variation of 

organic matter in PM2.5 at a regional background site of the Yangtze River Delta region, China, Atmospheric 

Environment, 123, Part B, 288-297, http://dx.doi.org/10.1016/j.atmosenv.2015.08.019, 2015. 

Feng, Y., Chen, Y., Guo, H., Zhi, G., Xiong, S., Li, J., Sheng, G., and Fu, J.: Characteristics of organic and elemental 

carbon in PM2.5 samples in Shanghai, China, Atmospheric Research, 92, 434-442, 2009. 

Fu, X., Wang, X., Guo, H., Cheung, K., Ding, X., Zhao, X., He, Q., Gao, B., Zhang, Z., Liu, T., and Zhang, Y.: Trends 

of ambient fine particles and major chemical components in the Pearl River Delta region: Observation at a 

regional background site in fall and winter, Science of The Total Environment, 497–498, 274-281, 

http://dx.doi.org/10.1016/j.scitotenv.2014.08.008, 2014. 

Gao, Y., Lai, S., Lee, S., Yau, P. S., Huang, Y., Cheng, Y., Wang, T., Xu, Z., Yuan, C., and Zhang, Y.: Optical properties 

of size-resolved particles at a Hong Kong urban site during winter, Atmospheric Research, 155, 1-12, 2015. 

Garland, R. M., Yang, H., Schmid, O., Rose, D., Nowak, A., Achtert, P., Wiedensohler, A., Takegawa, N., Kita, K., and 

Miyazaki, Y.: Aerosol optical properties in a rural environment near the mega-city Guangzhou, China: 

implications for regional air pollution, radiative forcing and remote sensing, Atmospheric Chemistry and Physics, 

8, 5161-5186, 2008. 

Garland, R. M., Schmid, O., Nowak, A., Achtert, P., Wiedensohler, A., Gunthe, S. S., Takegawa, N., Kita, K., Kondo, Y., 

and Hu, M.: Aerosol optical properties observed during Campaign of Air Quality Research in Beijing 2006 

(CAREBeijing-2006): Characteristic differences between the inflow and outflow of Beijing city air, Journal of 

Geophysical Research, 114, 2009. 

Geng, N., Wang, J., Xu, Y., Zhang, W., Chen, C., and Zhang, R.: PM2.5 in an industrial district of Zhengzhou, China: 

Chemical composition and source apportionment, Particuology, 11, 99-109, 2013. 

Gu, J., Bai, Z., Liu, A., Wu, L., Xie, Y., Li, W., Dong, H., and Zhang, X.: Characterization of Atmospheric Organic 

Carbon and Element Carbon of PM2.5 and PM10 at Tianjin, China, Aerosol and Air Quality Research, 10, 167-176, 

2010. 

Gu, J., Bai, Z., Li, W., Wu, L., Liu, A., Dong, H., and Xie, Y.: Chemical composition of PM2.5 during winter in Tianjin, 



China, Particuology, 9, 215-221, 2011. 

Hagler, G. S. W., Bergin, M. H., Salmon, L. G., Yu, J. Z., Wan, E. C. H., Zheng, M., Zeng, L. M., Kiang, C. S., Zhang, Y. 

H., Lau, A. K. H., and Schauer, J. J.: Source areas and chemical composition of fine particulate matter in the 

Pearl River Delta region of China, Atmospheric Environment, 40, 3802-3815, 

http://dx.doi.org/10.1016/j.atmosenv.2006.02.032, 2006. 

Han, T., Liu, X., Zhang, Y., Qu, Y., Gu, J., Ma, Q., Lu, K., Tian, H., Chen, J., and Zeng, L.: Characteristics of Aerosol 

Optical Properties and Their Chemical Apportionments during CAREBeijing 2006, Aerosol and Air Quality 

Research, 14, 1431-1442, 2014. 

Han, T., Qiao, L., Zhou, M., Qu, Y., Du, J., Liu, X., Lou, S., Chen, C., Wang, H., and Zhang, F.: Chemical and optical 

properties of aerosols and their interrelationship in winter in the megacity Shanghai of China, Journal of 

Environmental Sciences, 27, 59-69, 2015. 

He, K., Yang, F., Ma, Y., Zhang, Q., Yao, X., Chan, C. K., Cadle, S., Chan, T., and Mulawa, P.: The characteristics of 

PM2.5 in Beijing, China, Atmospheric Environment, 35, 4959-4970, 2001. 

He, K., Zhao, Q., Ma, Y., Duan, F., Yang, F., Shi, Z., and Chen, G.: Spatial and seasonal variability of PM2.5 acidity at 

two Chinese megacities: insights into the formation of secondary inorganic aerosols, Atmospheric Chemistry and 

Physics, 12, 1377-1395, 10.5194/acp-12-1377-2012, 2012. 

He, X., Li, C., Lau, A., Deng, Z., Mao, J., Wang, M., and Liu, X.: An intensive study of aerosol optical properties in 

Beijing urban area, Atmospheric Chemistry and Physics, 9, 8903-8915, 2009. 

Ho, K. F., Lee, S. C., Cao, J. J., Chow, J. C., Watson, J. G., and Chan, C. K.: Seasonal variations and mass closure 

analysis of particulate matter in Hong Kong, Science of The Total Environment, 355, 276-287, 2006. 

Hou, B., Zhuang, G., Zhang, R., Liu, T., Guo, Z., and Chen, Y.: The implication of carbonaceous aerosol to the 

formation of haze: Revealed from the characteristics and sources of OC/EC over a mega-city in China, Journal 

of Hazardous Materials, 190, 529-536, http://dx.doi.org/10.1016/j.jhazmat.2011.03.072, 2011. 

Huang, G., Cheng, T., Zhang, R., Tao, J., Leng, C., Zhang, Y., Zha, S., Zhang, D., Li, X., and Xu, C.: Optical properties 

and chemical composition of PM2.5 in Shanghai in the spring of 2012, Particuology, 13, 52-59, 2014a. 

Huang, H., Lee, S. C., Cao, J. J., Zou, C. W., Chen, X. G., and Fan, S. J.: Characteristics of indoor/outdoor PM2.5 and 

elemental components in generic urban, roadside and industrial plant areas of Guangzhou city, China, Journal of 

Environmental Sciences, 19, 35-43, 2007. 

Huang, R. J., Zhang, Y., Bozzetti, C., Ho, K. F., Cao, J.-J., Han, Y., Daellenbach, K. R., Slowik, J. G., Platt, S. M., and 

Canonaco, F.: High secondary aerosol contribution to particulate pollution during haze events in China, Nature, 

514, 218-222, 2014b. 

Huang, X., Yun, H., Gong, Z., Li, X., He, L., Zhang, Y., and Hu, M.: Source apportionment and secondary organic 

aerosol estimation of PM2.5 in an urban atmosphere in China, Science China-earth Sciences, 57, 1352-1362, 

2013. 

Jahn, H. J., Kraemer, A., Chen, X. C., Chan, C. Y., Engling, G., and Ward, T. J.: Ambient and personal PM2.5 exposure 

assessment in the Chinese megacity of Guangzhou, Atmospheric Environment, 74, 402-411, 2013. 

Jing, J., Wu, Y., Tao, J., Che, H., Xia, X., Zhang, X., Yan, P., Zhao, D., and Zhang, L.: Observation and analysis of 

near-surface atmospheric aerosol optical properties in urban Beijing, Particuology, 18, 144-154, 2015. 

Jung, J., Lee, H., Kim, Y. J., Liu, X., Zhang, Y., Gu, J., and Fan, S.: Aerosol chemistry and the effect of aerosol water 

content on visibility impairment and radiative forcing in Guangzhou during the 2006 Pearl River Delta campaign, 

Journal of environmental management, 90, 3231-3244, 2009. 

Kang, H., Zhu, B., Su, J., Wang, H., Zhang, Q., and Wang, F.: Analysis of a long-lasting haze episode in Nanjing, China, 

Atmospheric Research, 120, 78-87, 2013. 

Lai, S., Zhao, Y., Ding, A., Zhang, Y., Song, T., Zheng, J., Ho, K. F., Lee, S., and Zhong, L.: Characterization of PM2.5 

and the major chemical components during a 1-year campaign in rural Guangzhou, Southern China, Atmospheric 

Research, 167, 208-215, 2016. 



Lai, S. C., Zou, S. C., Cao, J. J., Lee, S. C., and Ho, K. F.: Characterizing ionic species in PM2.5 and PM10 in four Pearl 

River Delta cities,South China, Journal of Environmental Sciences, 19, 939-947, 2007. 

Lan, Z., Huang, X., Yu, K., Sun, T., Zeng, L., and Hu, M.: Light absorption of black carbon aerosol and its enhancement 

by mixing state in an urban atmosphere in South China, Atmospheric Environment, 69, 118-123, 2013. 

Li, B., Zhang, J., Zhao, Y., Yuan, S., Zhao, Q., Shen, G., and Wu, H.: Seasonal variation of urban carbonaceous aerosols 

in a typical city Nanjing in Yangtze River Delta, China, Atmospheric Environment, 106, 223-231, 

http://dx.doi.org/10.1016/j.atmosenv.2015.01.064, 2015. 

Li, C., Tsay, S., Fu, J. S., Dickerson, R. R., Ji, Q., Bell, S. W., Gao, Y., Zhang, W., Huang, J., and Li, Z.: Anthropogenic 

air pollution observed near dust source regions in northwestern China during springtime 2008, Journal of 

Geophysical Research, 115, 2010. 

Li, H., Wang, Q., Yang, M., Li, F., Wang, J., Sun, Y., Wang, C., Wu, H., and Qian, X.: Chemical characterization and 

source apportionment of PM2.5 aerosols in a megacity of Southeast China, Atmospheric Research, 181, 288-299, 

http://dx.doi.org/10.1016/j.atmosres.2016.07.005, 2016. 

Li, L., Chen, J., Wang, L., Melluki, W., and Zhou, H.: Aerosol single scattering albedo affected by chemical 

composition An investigation using CRDS combined with MARGA, Atmospheric Research, 124, 149-157, 

2013a. 

Li, W., Bai, Z., Liu, A., Chen, J., and Chen, L.: Characteristics of Major PM2.5 Components during Winter in Tianjin, 

China, Aerosol and Air Quality Research, 9, 105-119, 2009. 

Li, X., He, K., Li, C., Yang, F., Zhao, Q., Ma, Y., Cheng, Y., Ouyang, W., and Chen, G.: PM2.5 mass, chemical 

composition, and light extinction before and during the 2008 Beijing Olympics, Journal of Geophysical Research: 

Atmospheres, 118, 12,158-112,167, 2013b. 

Lin, Y., Hsu, S., Chou, C. C. K., Zhang, R., Wu, Y., Kao, S., Luo, L., Huang, C., Lin, S., and Huang, Y.: Wintertime 

haze deterioration in Beijing by industrial pollution deduced from trace metal fingerprints and enhanced health 

risk by heavy metals, Environmental Pollution, 208, 284, 2016. 

Lin, Z., Zhang, Z., Zhang, L., Tao, J., Zhang, R., Cao, J., Fan, S., and Zhang, Y.: An alternative method for estimating 

hygroscopic growth factor of aerosol light-scattering coefficient: a case study in an urban area of Guangzhou, 

South China, Atmospheric Chemistry and Physics, 14, 7631-7644, 2014. 

Liu, D., Li, J., Zhang, Y., Xu, Y., Liu, X., Ding, P., Shen, C., Chen, Y., Tian, C., and Zhang, G.: The Use of 

Levoglucosan and Radiocarbon for Source Apportionment of PM2.5 Carbonaceous Aerosols at a Background Site 

in East China, Environmental Science & Technology, 47, 10454, 2013a. 

Liu, G., Li, J., Wu, D., and Xu, H.: Chemical composition and source apportionment of the ambient PM2.5 in Hangzhou, 

China, Particuology, 18, 135-143, http://dx.doi.org/10.1016/j.partic.2014.03.011, 2015. 

Liu, J., Li, J., Zhang, Y., Liu, D., Ding, P., Shen, C., Shen, K., He, Q., Ding, X., and Wang, X.: Source Apportionment 

Using Radiocarbon and Organic Tracers for PM2.5 Carbonaceous Aerosols in Guangzhou, South China: 

Contrasting Local- and Regional-Scale Haze Events, Environmental Science & Technology, 48, 12002-12011, 

2014. 

Liu, X., Cheng, Y., Zhang, Y., Jung, J., Sugimoto, N., Chang, S. Y., Kim, Y. J., Fan, S., and Zeng, L.: Influences of 

relative humidity and particle chemical composition on aerosol scattering properties during the 2006 PRD 

campaign, Atmospheric Environment, 42, 1525-1536, 2008. 

Liu, X., Zhang, Y., Jung, J., Gu, J., Li, Y., Guo, S., Chang, S., Yue, D., Lin, P., and Kim, Y. J.: Research on the 

hygroscopic properties of aerosols by measurement and modeling during CAREBeijing-2006, Journal of 

Geophysical Research, 114, 2009. 

Liu, X., Gu, J., Li, Y., Cheng, Y., Qu, Y., Han, T., Wang, J., Tian, H., Chen, J., and Zhang, Y.: Increase of aerosol 

scattering by hygroscopic growth: Observation, modeling, and implications on visibility, Atmospheric Research, 

132–133, 91-101, http://dx.doi.org/10.1016/j.atmosres.2013.04.007, 2013b. 

Liu, X., Li, J., Qu, Y., Han, T., Hou, L., Gu, J., Chen, C., Yang, Y., Liu, X., and Yang, T.: Formation and evolution 



mechanism of regional haze: a case study in the megacity Beijing, China, Atmospheric Chemistry and Physics, 

13, 4501-4514, 2013c. 

Louie, P. K., Watson, J. G., Chow, J. C., Chen, A., Sin, D. W., and Lau, A. K.: Seasonal characteristics and regional 

transport of PM2.5 in Hong Kong, Atmospheric Environment, 39, 1695-1710, 2005a. 

Louie, P. K. K., Chow, J. C., Chen, L. W. A., Watson, J. G., Leung, G., and Sin, D. W. M.: PM2.5 chemical composition 

in Hong Kong: urban and regional variations, Science of The Total Environment, 338, 267-281, 

http://dx.doi.org/10.1016/j.scitotenv.2004.07.021, 2005b. 

Ma, N., Zhao, C. S., Nowak, A., Müller, T., Pfeifer, S., Cheng, Y. F., Deng, Z. Z., Liu, P. F., Xu, W. Y., Ran, L., Yan, P., 

Göbel, T., Hallbauer, E., Mildenberger, K., Henning, S., Yu, J., Chen, L. L., Zhou, X. J., Stratmann, F., and 

Wiedensohler, A.: Aerosol optical properties in the North China Plain during HaChi campaign: an in-situ optical 

closure study, Atmospheric Chemistry and Physics, 11, 5959-5973, 10.5194/acp-11-5959-2011, 2011. 

Man, C. K., and Shih, M. Y.: Light scattering and absorption properties of aerosol particles in Hong Kong, Journal of 

Aerosol Science, 32, 795-804, 2001. 

Okuda, T., Matsuura, S., Yamaguchi, D., Umemura, T., Hanada, E., Orihara, H., Tanaka, S., He, K., Ma, Y., and Cheng, 

Y.: The impact of the pollution control measures for the 2008 Beijing Olympic Games on the chemical 

composition of aerosols, Atmospheric Environment, 45, 2789-2794, 2011. 

Pan, X. L., Yan, P., Tang, J., Ma, J. Z., Wang, Z. F., Gbaguidi, A., and Sun, Y. L.: Observational study of influence of 

aerosol hygroscopic growth on scattering coefficient over rural area near Beijing mega-city, Atmospheric 

Chemistry and Physics, 9, 7519-7530, 10.5194/acp-9-7519-2009, 2009. 

Pathak, R. K., Wang, T., Ho, K., and Lee, S.: Characteristics of summertime PM2.5 organic and elemental carbon in four 

major Chinese cities: implications of high acidity for water-soluble organic carbon (WSOC), Atmospheric 

Environment, 45, 318-325, 2011. 

Shen, G., Xue, M., Yuan, S., Zhang, J., Zhao, Q., Li, B., Wu, H., and Ding, A.: Chemical compositions and 

reconstructed light extinction coefficients of particulate matter in a mega-city in the western Yangtze River Delta, 

China, Atmospheric Environment, 83, 14-20, http://dx.doi.org/10.1016/j.atmosenv.2013.10.055, 2014. 

Shen, Z., Cao, J., Arimoto, R., Han, Z., Zhang, R., Han, Y., Liu, S., Okuda, T., Nakao, S., and Tanaka, S.: Ionic 

composition of TSP and PM2.5 during dust storms and air pollution episodes at Xi'an, China, Atmospheric 

Environment, 43, 2911-2918, 2009. 

Song, Y., Xie, S., Zhang, Y., Zeng, L., Salmon, L. G., and Zheng, M.: Source apportionment of PM2.5 in Beijing using 

principal component analysis/absolute principal component scores and UNMIX, Science of the Total 

Environment, 372, 278-286, 2006. 

Song, Y., Tang, X., Xie, S., Zhang, Y., Wei, Y., Zhang, M., Zeng, L., and Lu, S.: Source apportionment of PM2.5 in 

Beijing in 2004, Journal of Hazardous Materials, 146, 124-130, 2007. 

Sun, Y., Zhuang, G., Wang, Y., Han, L., Guo, J., Dan, M., Zhang, W., Wang, Z., and Hao, Z.: The air-borne particulate 

pollution in Beijing—concentration, composition, distribution and sources, Atmospheric Environment, 38, 

5991-6004, 2004. 

Tan, J., Duan, J., He, K., Ma, Y., Duan, F., Chen, Y., and Fu, J.: Chemical characteristics of PM2.5 during a typical haze 

episode in Guangzhou, Journal of Environmental Sciences, 21, 774-781, 2009. 

Tan, J., Duan, J., Zhen, N., He, K., and Hao, J.: Chemical characteristics and source of size-fractionated atmospheric 

particle in haze episode in Beijing, Atmospheric Research, 167, 24-33, 

http://dx.doi.org/10.1016/j.atmosres.2015.06.015, 2016. 

Tao, J., Ho, K., Chen, L., Zhu, L., Han, J., and Xu, Z.: Effect of chemical composition of PM2.5 on visibility in 

Guangzhou, China, 2007 spring, Particuology, 7, 68-75, 2009. 

Tao, J., Cheng, T., Zhang, R., Cao, J., Zhu, L., Wang, Q., Luo, L., and Zhang, L.: Chemical composition of PM2.5 at an 

urban site of Chengdu in southwestern China, Advances in Atmospheric Sciences, 30, 1070-1084, 2013. 

Tao, J., Gao, J., Zhang, L., Zhang, R., Che, H., Zhang, Z., Lin, Z., Jing, J., Cao, J., and Hsu, S. C.: PM2.5 pollution in a 



megacity of southwest China: source apportionment and implication, Atmospheric Chemistry and Physics, 14, 

8679-8699, 10.5194/acp-14-8679-2014, 2014a. 

Tao, J., Zhang, L., Cao, J., Hsu, S.-C., Xia, X., Zhang, Z., Lin, Z., Cheng, T., and Zhang, R.: Characterization and 

source apportionment of aerosol light extinction in Chengdu, southwest China, Atmospheric Environment, 95, 

552-562, http://dx.doi.org/10.1016/j.atmosenv.2014.07.017, 2014b. 

Tao, J., Zhang, L., Ho, K., Zhang, R., Lin, Z., Zhang, Z., Lin, M., Cao, J., Liu, S., and Wang, G.: Impact of PM2.5 

chemical compositions on aerosol light scattering in Guangzhou - the largest megacity in South China, 

Atmospheric Research, 135–136, 48-58, http://dx.doi.org/10.1016/j.atmosres.2013.08.015, 2014c. 

Tao, J., Zhang, L., Gao, J., Wang, H., Chai, F., and Wang, S.: Aerosol chemical composition and light scattering during a 

winter season in Beijing, Atmospheric Environment, 110, 36-44, 

http://dx.doi.org/10.1016/j.atmosenv.2015.03.037, 2015a. 

Tao, J., Zhang, L., Zhang, Z., Huang, R., Wu, Y., Zhang, R., Cao, J., and Zhang, Y.: Control of PM2.5 in Guangzhou 

during the 16th Asian Games period: Implication for hazy weather prevention, Science of The Total Environment, 

508, 57-66, http://dx.doi.org/10.1016/j.scitotenv.2014.11.074, 2015b. 

Tao, J., Zhang, L., Cao, J., Zhong, L., Chen, D., Yang, Y., Chen, D., Chen, L., Zhang, Z., Wu, Y., Xia, Y., Ye, S., and 

Zhang, R.: Source apportionment of PM2.5 at urban and suburban areas of the Pearl River Delta region, south 

China - With emphasis on ship emissions, Science of The Total Environment, 574, 1559-1570, 

http://dx.doi.org/10.1016/j.scitotenv.2016.08.175, 2017. 

Tian, P., Wang, G., Zhang, R., Wu, Y., and Yan, P.: Impacts of aerosol chemical compositions on optical properties in 

urban Beijing, China, Particuology, 18, 155-164, http://dx.doi.org/10.1016/j.partic.2014.03.014, 2015. 

Verma, R. L., Sahu, L. K., Kondo, Y., Takegawa, N., Han, S., Jung, J., Kim, Y. J., Fan, S. J., Sugimoto, N., and 

Shammaa, M. H.: Temporal variations of black carbon in Guangzhou, China, in summer 2006, Atmospheric 

Chemistry and Physics, 10, 6471-6485, 2010. 

Wang, H. L., Qiao, L. P., Lou, S. R., Zhou, M., Ding, A. J., Huang, H. Y., Chen, J. M., Wang, Q., Tao, S. K., Chen, C. H., 

Li, L., and Huang, C.: Chemical composition of PM2.5 and meteorological impact among three years in urban 

Shanghai, China, Journal of Cleaner Production, 112, Part 2, 1302-1311, 

http://dx.doi.org/10.1016/j.jclepro.2015.04.099, 2016a. 

Wang, H., Shi, G., Tian, M., Zhang, L., Chen, Y., Yang, F., and Cao, X.: Aerosol optical properties and chemical 

composition apportionment in Sichuan Basin, China, Science of The Total Environment, 577, 245-257, 

http://dx.doi.org/10.1016/j.scitotenv.2016.10.173, 2017. 

Wang, J., Li, X., Jiang, N., Zhang, W., Zhang, R., and Tang, X.: Long term observations of PM2.5-associated PAHs: 

Comparisons between normal and episode days, Atmospheric Environment, 104, 228-236, 

http://dx.doi.org/10.1016/j.atmosenv.2015.01.026, 2015a. 

Wang, P., Cao, J., Shen, Z., Han, Y., Lee, S., Huang, Y., Zhu, C., Wang, Q.., Xu, H., and Huang, R..: Spatial and 

seasonal variations of PM2.5 mass and species during 2010 in Xi'an, China, Science of The Total Environment, 

508, 477-487, http://dx.doi.org/10.1016/j.scitotenv.2014.11.007, 2015b. 

Wang, X., Ding, X., Fu, X., He, Q., Wang, S., Bernard, F., Zhao, X., and Wu, D.: Aerosol scattering coefficients and 

major chemical compositions of fine particles observed at a rural site in the central Pearl River Delta, south 

China, Journal of Environmental Sciences, 24, 72-77, 2012. 

Wang, Y., Jia, C., Tao, J., Zhang, L., Liang, X., Ma, J., Gao, H., Huang, T., and Zhang, K.: Chemical characterization 

and source apportionment of PM2.5 in a semi-arid and petrochemical-industrialized city, Northwest China, 

Science of The Total Environment, 573, 1031-1040, http://dx.doi.org/10.1016/j.scitotenv.2016.08.179, 2016b. 

Wang, Y., Zhuang, G., Tang, A., Yuan, H., Sun, Y., Chen, S., and Zheng, A.: The ion chemistry and the source of PM2.5 

aerosol in Beijing, Atmospheric Environment, 39, 3771-3784, 2005. 

Wang, Y., Zhuang, G., Zhang, X. Y., Huang, K., Xu, C., Tang, A. H., Chen, J. M., and An, Z.: The ion chemistry；

seasonal cycle；and sources of PM2.5 and TSP aerosol in Shanghai, Atmospheric Environment, 40, 2935-2952, 



2006. 

Wu, D., Mao, J., Deng, X., Tie, X., Zhang, Y., Zeng, L., Li, F., Tan, H., Bi, X., and Huang, X.: Black carbon aerosols 

and their radiative properties in the Pearl River Delta region, Science in China Series D: Earth Sciences, 52, 

1152-1163, 2009. 

Wu, D., Wu, C., Liao, B., Chen, H., Wu, M., Li, F., Tan, H., Deng, T., Li, H., and Jiang, D.: Black carbon over the South 

China Sea and in various continental locations in South China, Atmospheric Chemistry and Physics, 13, 

12257-12270, 2013. 

Wu, Y., Zhang, R., Tian, P., Tao, J., Hsu, S. C., Yan, P., Wang, Q., Cao, J., Zhang, X., and Xia, X.: Effect of ambient 

humidity on the light absorption amplification of black carbon in Beijing during January 2013, Atmospheric 

Environment, 124, 217-223, 2016. 

Xu, J., Bergin, M., Yu, X., Liu, G., Zhao, J., Carrico, C., and Baumann, K.: Measurement of aerosol chemical, physical 

and radiative properties in the Yangtze delta region of China, Atmospheric Environment, 36, 161-173, 2002. 

Xu, J., Bergin, M. H., Greenwald, R., Schauer, J. J., Shafer, M. M., Jaffrezo, J. L., and Aymoz, G.: Aerosol chemical, 

physical, and radiative characteristics near a desert source region of northwest China during ACE-Asia, Journal 

of Geophysical Research, 109, 2004. 

Xu, J., Tao, J., Zhang, R., Cheng, T., Leng, C., Chen, J., Huang, G., Li, X., and Zhu, Z.: Measurements of surface 

aerosol optical properties in winter of Shanghai, Atmospheric Research, 109, 25-35, 2012a. 

Xu, L., Chen, X., Chen, J., Zhang, F., He, C., Zhao, J., and Yin, L.: Seasonal variations and chemical compositions of 

PM2.5 aerosol in the urban area of Fuzhou, China, Atmospheric Research, 104, 264-272, 2012b. 

Yan, H.: Aerosol scattering properties in northern China, Atmospheric Environment, 41, 6916-6922, 2007. 

Yan, P., Tang, J., Huang, J., Mao, J., Zhou, X., Liu, Q., Wang, Z., and Zhou, H.: The measurement of aerosol optical 

properties at a rural site in Northern China, Atmospheric Chemistry and Physics, 8, 2229-2242, 2008. 

Yang, F., He, K. B., Ye, B., Chen, X., Cha, L. Z., Cadle, S. H., Chan, T., and Mulawa, P. A.: One-year record of organic 

and elemental carbon in fine particles in downtown Beijing and Shanghai, Atmospheric Chemistry and Physics, 

5, 1449-1457, 2005a. 

Yang, F., Huang, L., Duan, F., Zhang, W., He, K., Ma, Y., Brook, J. R., Tan, J., Zhao, Q., and Cheng, Y.: Carbonaceous 

species in PM2.5 at a pair of rural/urban sites in Beijing, 2005–2008, Atmospheric Chemistry and Physics, 11, 

7893-7903, 10.5194/acp-11-7893-2011, 2011a. 

Yang, F., Tan, J., Zhao, Q., Du, Z., He, K., Ma, Y., Duan, F., and Chen, G.: Characteristics of PM2.5 speciation in 

representative megacities and across China, Atmospheric Chemistry and Physics, 11, 5207-5219, 2011b. 

Yang, H., Yu, J. Z., Ho, S. S. H., Xu, J., Wu, W., Wan, C. H., Wang, X., Wang, X., and Wang, L.: The chemical 

composition of inorganic and carbonaceous materials in PM2.5 in Nanjing, China, Atmospheric Environment, 39, 

3735-3749, 2005b. 

Yang, H., Chen, J., Wen, J., Tian, H., and Liu, X.: Composition and sources of PM2.5 around the heating periods of 2013 

and 2014 in Beijing: Implications for efficient mitigation measures, Atmospheric Environment, 124, Part B, 

378-386, http://dx.doi.org/10.1016/j.atmosenv.2015.05.015, 2016. 

Yang, L., Zhou, X., Wang, Z., Zhou, Y., Cheng, S., Xu, P., Gao, X., Nie, W., Wang, X., and Wang, W.: Airborne fine 

particulate pollution in Jinan, China: concentrations, chemical compositions and influence on visibility 

impairment, Atmospheric Environment, 55, 506-514, 2012. 

Yang, Y., Liu, X., Qu, Y. Z., An, J., Jiang, R., Zhang, Y., Sun, Y., Wu, Z. J., Zhang, F., and Xu, W. Q.: Characteristics 

and formation mechanism of continuous hazes in China: a case study during the autumn of 2014 in the North 

China Plain, Atmospheric Chemistry and Physics, 15, 8165-8178, 2015. 

Ye, B., Ji, X., Yang, H., Yao, X., Chan, C. K., Cadle, S. H., Chan, T., and Mulawa, P. A.: Concentration and chemical 

composition of PM2.5 in Shanghai for a 1-year period, Atmospheric Environment, 37, 499-510, 2003. 

Zha, S., Cheng, T., Tao, J., Zhang, R., Chen, J., Zhang, Y., Leng, C., Zhang, D., and Du, J.: Characteristics and relevant 

remote sources of black carbon aerosol in Shanghai, Atmospheric Research, 135, 159-171, 2014. 



Zhang, F., Zhao, J., Chen, J., Xu, Y., and Xu, L.: Pollution characteristics of organic and elemental carbon in PM2.5 in 

Xiamen, China, Journal of Environmental Sciences, 23, 1342-1349, 2011a. 

Zhang, F., Xu, L., Chen, J., Yu, Y., Niu, Z., and Yin, L.: Chemical compositions and extinction coefficients of PM2.5 in 

peri-urban of Xiamen, China, during June 2009–May 2010, Atmospheric Research, 106, 150-158, 2012. 

Zhang, F., Cheng, H., Wang, Z., Lv, X., Zhu, Z., Zhang, G., and Wang, X.: Fine particles (PM2.5) at a CAWNET 

background site in Central China: Chemical compositions, seasonal variations and regional pollution events, 

Atmospheric Environment, 86, 2014. 

Zhang, F., Wang, Z., Cheng, H., Lv, X.., Gong, W., Wang, X., and Zhang, G.: Seasonal variations and chemical 

characteristics of PM2.5 in Wuhan, central China, Science of The Total Environment, 518–519, 97-105, 

http://dx.doi.org/10.1016/j.scitotenv.2015.02.054, 2015a. 

Zhang, L., Sun, J. Y., Shen, X. J., Zhang, Y. M., Che, H., Ma, Q. L., Zhang, Y. W., Zhang, X. Y., and Ogren, J. A.: 

Observations of relative humidity effects on aerosol light scattering in the Yangtze River Delta of China, 

Atmospheric Chemistry and Physics, 15, 8439-8454, 10.5194/acp-15-8439-2015, 2015b. 

Zhang, R., Jing, J., Tao, J., Hsu, S. C., Wang, G., Cao, J., Lee, C. S. L., Zhu, L., Chen, Z., Zhao, Y., and Shen, Z.: 

Chemical characterization and source apportionment of PM2.5 in Beijing: seasonal perspective, Atmospheric 

Chemistry and Physics, 13, 7053-7074, 10.5194/acp-13-7053-2013, 2013. 

Zhang, T., Cao, J., Tie, X., Shen, Z., Liu, S., Ding, H., Han, Y., Wang, G., Ho, K., and Qiang, J.: Water-soluble ions in 

atmospheric aerosols measured in Xi'an, China: seasonal variations and sources, Atmospheric Research, 102, 

110-119, 2011b. 

Zhao, M., Huang, Z., Qiao, T., Zhang, Y., Xiu, G., and Yu, J.: Chemical characterization, the transport pathways and 

potential sources of PM2.5 in Shanghai: Seasonal variations, Atmospheric Research, 158, 66-78, 2015a. 

Zhao, M., Qiao, T., Huang, Z., Zhu, M., Xu, W., Xiu, G., Tao, J., and Lee, S.: Comparison of ionic and carbonaceous 

compositions of PM2.5 in 2009 and 2012 in Shanghai, China, Science of The Total Environment, 536, 695-703, 

http://dx.doi.org/10.1016/j.scitotenv.2015.07.100, 2015b. 

Zhao, P., Dong, F., He, D., Zhao, X., Zhang, X., Zhang, W., Yao, Q., and Liu, H.: Characteristics of concentrations and 

chemical compositions for PM2.5 in the region of Beijing, Tianjin, and Hebei, China, Atmospheric Chemistry and 

Physics, 13, 4631-4644, 2013. 

Zhao, X., Zhang, X., Pu, W., Meng, W., and Xu, X.: Scattering properties of the atmospheric aerosol in Beijing, China, 

Atmospheric Research, 101, 799-808, 2011. 

Zhou, B., Shen, H., Huang, Y., Li, W., Chen, H., Zhang, Y., Su, S., Chen, Y., Lin, N., Zhuo, S., Zhong, Q., Liu, J., Li, B., 

and Tao, S.: Daily variations of size-segregated ambient particulate matter in Beijing, Environmental Pollution, 

197, 36-42, http://dx.doi.org/10.1016/j.envpol.2014.11.029, 2015. 

Zhu, C., Cao, J., Ho, K., Chen, L. W. A., Huang, R., Wang, Y., Li, H., Shen, Z., Chow, J. C., and Watson, J. G.: The 

optical properties of urban aerosol in northern China: A case study at Xi'an, Atmospheric Research, 160, 59-67, 

2015. 

 

 

 


